Abstract
(n = 35), colonoscopy by an advanced endoscopist in 53.2% (n = 41), and SBE in 13% (n = 10). In the 49 patients who performed either colonoscopy (n = 39) or SBE (n = 10) by an advanced endoscopist, the cecal intubation rate was 100%, and high-risk polyps were found in 26.5% (n = 13) and CRC in 4.1%. CT colonography revealed findings consistent with polyps and CRC in 22.9% (n = 8) and 2.9% (n = 1) of the cases, respectively. Colonoscopy was further repeated in 6 patients with suspected polyps in CT colonography, confirming the initial diagnosis in 5 patients. Conclusions: Colonoscopy by an advanced endoscopist achieved cecal intubation in all patients, representing a good choice after an incomplete colonoscopy.
Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related death in the Western world [1] . Screening for CRC in asymptomatic patients can reduce the incidence and mortality of CRC by allowing the detection of premalignant lesions or CRC in early stages and the risk stratification according to the endoscopic findings leading to different endoscopic surveillance intervals [2] [3] [4] . Colonoscopy is considered a first-line screening exam for CRC prevention [4] [5] [6] [7] . Quality of screening colonoscopy depends on some indicators, namely cecal intubation, as 30-50% of advanced neoplasias are located in the proximal colon [2, 8] . A standard approach after an incomplete colonoscopy is lacking and several exams to complement the visualization of the entire colon have been described including double-contrast barium enema, computed tomography colonography (CTC), single-balloon enteroscopy (SBE), double-balloon enteroscopy (DBE), and colon capsule endoscopy [9, 10] . Nonetheless, a second colonoscopy may be attempted with the adoption of different maneuvers and in the hands of an advanced endoscopist [9] .
This study aims to evaluate the role of an advanced endoscopist to study the entire colon after an incomplete colonoscopy.
Materials and Methods
A retrospective cohort study involving all consecutive patients with an elective incomplete colonoscopy in our department between January 2010 and October 2016 was performed. Incomplete colonoscopy was defined as a colonoscopy without cecal intubation. Patients with a colonic stenosis, an inadequate bowel preparation, or a colonoscopy performed without deep sedation were excluded. The index colonoscopy was performed under deep propofol sedation administered by an anesthesiologist. Moreover, the procedure was performed by an endoscopist with or without a trainee.
Patients with an incomplete colonoscopy were followed up to evaluate if and what type of secondary examinations were performed to visualize the remaining colon not reached at the index colonoscopy. Secondary examinations included CTC, colonoscopy by an advanced endoscopist, and SBE, which are the procedures currently available in our center. An advanced endoscopist was defined as a gastroenterologist with expertise in advanced therapeutic endoscopy. Patients with an inadequate preparation in second colonoscopy or SBE were excluded. All patients provided informed consent for all investigations performed.
Data regarding demography, past medical and surgical history, indication for the index colonoscopy, depth of intubation at the index colonoscopy, reason for an incomplete examination, findings at the index colonoscopy, secondary investigations, and findings in the secondary investigations in the nonvisualized part of the colon at the index colonoscopy were recorded. Indication for the index colonoscopy was categorized in "surveillance" (inflammatory bowel disease surveillance, previous cancer or polyp follow-up, family history screening) and "symptoms" (iron deficiency anaemia, abdominal mass, abdominal pain, change in bowel habits, inflammatory bowel disease assessment, diarrhoea, rectal bleeding, and abnormal CTC, barium enema, or flexible sigmoidoscopy) [8] .
Recorded findings consisted of diverticulosis, polyps, and CRC, possibly leading to more than one simultaneous finding for each exam. Polyps were further categorized as low risk if 1-2 tubular adenomas <10 mm with low-grade dysplasia; serrated polyps <10 mm and no dysplasia, and high risk if adenoma with villous histology or high-grade dysplasia or ≥10 mm in size, or ≥3 adenomas; serrated polyps ≥10 mm or with dysplasia [3] . In cases where more than one polyp was observed, the most advanced lesion was included in the analysis. Moreover, if a lesion was already diag- nosed at the index colonoscopy, it was excluded from the findings of a second examination.
A descriptive statistics was performed with continuous variables given as mean and standard deviation and categorical variables expressed as proportions. The Statistical Package for Social Sciences version 20.0 (IBM Corp., Armonk, NY, USA) was used for data entry and data analysis.
Results
Between January 2010 and October 2016, 93 patients out of a total of 6,196 exams had an incomplete colonoscopy; 67.7% were women with a mean age of 70.6 years ( Table 1 ). The rate of incomplete exams was 1.5%. Colonoscopy was performed for surveillance in 52.7% of patients and for diagnostic purposes in 47.3% (Table 1) . Main reasons for an incomplete colonoscopy included looping of the scope and redundant colon (82.8%) and suspected adhesions (15.1%) ( Table 2) . Moreover, the majority of the exams were ceased in the left colon (78.5%). Most incomplete colonoscopies had no findings (62.4%) and no CRC was identified. Diverticulosis and polyps were observed in 26.9 and 10.8%, respectively (Table 2).
A second examination was performed in 82.8% (n = 77) of the patients, with a mean time between the two exams of 6.73 ± 11.88 months. Additionally, in 11.7% (n = 9) patients, a third examination was further performed. CTC, colonoscopy by an advanced endoscopist, and SBE were performed in 45.5% (n = 35), 53.2% (n = 41), and 13% (n = 10) of patients, respectively (Table 3) .
CTC was normal in 68.6% (n = 24) of the cases and findings consistent with polyps and CRC were identified in 22.9% (n = 8) and 2.9% (n = 1) of the exams, respectively (Table 3) . Colonoscopy was further repeated in 6 patients with suspected polyps in CTC, confirming the initial diagnosis in 5 patients. SBE was also further performed in 3 patients with diverticulosis and suspected polyps in CTC, confirming the initial diagnosis of polyps in 1 patient. The suspected CRC was confirmed by surgery.
The second colonoscopy was incomplete in 4.9% (n = 2) of the cases due to poor bowel preparation, with stools preventing the progression of the colonoscope and the completeness of the exam. Considering only colonoscopies whose preparation did not limit the progression of the colonoscope, the cecal intubation rate of the second colonoscopy was 100%. This second colonoscopy per- formed by an advanced endoscopist revealed more significant lesions when compared to the index colonoscopy, namely high-risk polyps (n = 12; 30.8%) and CRC (n = 2; 5.1%) ( Table 2 ). The adenoma detection rate was 32.4%. SBE was performed in 13% (n = 10) of the patients and was able to reach the cecum in all cases. Polyps were identified in 20% (n = 2) of the procedures, half of them categorized as high risk (Table 3) .
In the 49 patients who performed either colonoscopy (n = 39) or SBE (n = 10), the cecal intubation rate was 100%, and high-risk polyps were found in 26.5% (n = 13) and CRC in 4.1% (n = 2).
In patients with an initial incomplete colonoscopy (n = 93), no CRC was diagnosed and high-risk polyps were diagnosed in 5.4% (n = 5). In patients submitted to a subsequent examination (n = 77), CRC was diagnosed in 3.9% (n = 3) and high-risk polyps were diagnosed and removed in 16.9% (n = 13).
Discussion
The cecal intubation rate is a quality indicator for colonoscopy because it is associated with an increased detection rate of advanced neoplasia, as 30-50% of advanced neoplasias are located in the proximal colon [1, 2, 7, 8, 11] . Quality guidelines currently recommend a cecal intubation rate ≥90% in all colonoscopies in routine clinical practice and ≥95% in screening colonoscopies [2, 7, [9] [10] [11] [12] [13] [14] . Nevertheless, reported rates of cecal intubation are suboptimal ranging from 76.9 to 89.1% in clinical practice and from 91 to 97.7% in screening colonoscopy [1, 7, 12] . Various patient-related factors may contribute to an incomplete colonoscopy, including colonic redundancy or tortuosity, low body mass index, female sex, prior abdominal or pelvic surgeries resulting in adhesions, severe diverticular disease, colonic stenosis, poor bowel preparation, and patient intolerance [2, 6, 9, 10, 12, [15] [16] [17] . Some technical-related factors may also contribute to incomplete colonoscopy, such as the use of sedation, the type of colonoscope, and the skill of the endoscopist.
Recommendations regarding the subsequent approach after an incomplete colonoscopy are lacking and malignant and premalignant lesions may be missed if further investigation is not pursued [1, 8, 9] . In our study, 17.2% of patients had no documented recommendation for follow-up to complete colonic evaluation, similar to other studies reporting a rate of 19% [9] . Several techniques have been described to allow cecal intubation in difficult colonoscopies, namely minimizing air insufflation, use of carbon dioxide instead of air for insufflation, abdominal pressure to prevent looping of the colonoscope, changing patient positioning, use of more flexible endoscopes or variable stiffness endoscopes, water immersion, or fluoroscopy [2, 9, 18] . In cases of an incomplete colonoscopy despite the adoption of the described methods, alternative endoscopic approaches as SBE or DBE and alternative nontherapeutic imaging or endoscopic approaches as double-contrast barium enema, CTC, magnetic resonance colonography, and colon capsule have been described [2, 7, 9, 11, 12, 15] . Double-contrast barium enema has a low sensitivity (48%) for polyps ≥10 mm and CTC has been proven to be substantially more effective with a sensitivity of 90% for polyps ≥10 mm and a positive predictive value of >90% for clinically important neoplasia [1, 2, [6] [7] [8] 10] . Moreover, it provides extracolonic examination [6] . In our study, CTC revealed polyps in 22.9% (n = 8) patients, which were further confirmed by a subsequent endoscopic method in 6 patients. Previous reports of CTC after an incomplete colonoscopy revealed lower rates of polyp detection ranging from 11 to 13.2% [2, 6] . Main disadvantages of CTC include need for bowel preparation with the addition of contrast agents for stool and fluid tagging, radiation exposure, inability for tissue sampling or therapeutic techniques, and relatively low sensitivity for the detection of polyps ≤5 mm and flat lesions [2, 10] . Moreover, a recent study concluded that the detection rate of high-risk sessile serrated polyps was significantly higher with colonoscopy than CTC [19] .
Colonoscopy performed by an advanced endoscopist was the subsequent examination more frequently adopted after an incomplete colonoscopy. Cecal intubation was achieved in all patients after excluding two patients with inadequate bowel preparation. This is in line with the quality indicators for nonselected screening colonoscopies and with previous reports of performance of a second colonoscopy by an experienced endoscopist after failure of a standard colonoscopy, which have published cecal intubation rates ranging from 96 to 99% [2, 11] . Moreover, in our study, the reasons for inability to reach the cecum resulted from poor bowel preparation. The expertise of the endoscopist appears to be the most important factor that determines success at colonoscopy and it avoids the need for subsequent examinations for diagnostic and therapeutic approaches [2, 11, 20] . Moreover, bleeding and perforation are the most feared complications in colonoscopy and the reported factors for an in- complete colonoscopy are known risk factors for perforation [21] . Current guidelines recommend a ratio lower than 1: 1,000 of diagnostic or therapeutic colonoscopies which complicate with a perforation requiring surgical repair. In our study, no complications were reported in the second colonoscopy [22] .
Deep enteroscopy was originally developed to facilitate deep insertion of the endoscope into the small-bowel. SBE and DBE were then adapted to difficult colonoscopy, mainly in cases of redundant colons, severe diverticulosis, and sharp angulations due to surgical adhesions [2, 23] . Cecal intubation rates for DBE and SBE in cases of incomplete colonoscopies are reported to be 88-100% and 93-100%, respectively [2, 10, 15, 16, 24, 25] . Studies comparing DBE and SBE showed no significant differences in cecal intubation rates, mean cecal intubation times, and diagnostic and therapeutic rates [2, 16] . In our study, SBE resulted in a successful cecal intubation in all cases, and polyps were identified in 20% of the procedures. Previous studies, report a similar polyp detection rate in SBE of 27.3% [26] .
The retrospective nature of the study and the small sample size of each group constitute limitations of our study. Moreover, the completeness of the second procedure may sometimes be related to other factors independent from the skill of the endoscopist, such as bowel changes over time or better bowel preparation.
In conclusion, in our study, a subsequent examination after an incomplete colonoscopy led to the diagnosis of CRC in 3.9% of cases and high-risk polyps in 16.9%. This addresses the importance of subsequent examinations after an incomplete colonoscopy. Taking into account the results of our study, all 3 modalities for subsequent examinations available in our center are quite effective in the completeness of the study of the colon. Second colonoscopy performed by an advanced endoscopist achieved cecal intubation in all patients in our study. Moreover, it does not require additional equipment, which may not be widely available in every center, as CTC or SBE. Finally, it avoids unnecessary exams since, after a significant finding in CTC, an endoscopic procedure should always be performed to confirm the diagnostic findings and perform therapy.
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